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Method far the detection of a pathogenic form of a prion protein 



FIELD OF THE INVENTION 

This invention relates to the field of prion diseases. These diseases, also 
called transmissible spongiform encephalopathies (TSE), include bovine 
spongiform encephalopathy (BSE) or mad cow disease in cattle, scrapie in sheep, 
5 and Creutzfeldt-Jakob Disease (CJD) in human. 

More specifically, the invention relates to the field of diagnostic methods 
and diagnosis of prion diseases or TSE. Typically, such diagnostic methods seek 
to detect a (pathogenic) conformer of the natural (non-pathogenic) prion protein, 
especially in animal or himian brain, in Ismiphoid tissues, or in body flidds in 
10 which such conformer may be found, such as blood / plasma / serum or urine. 

BACKGROUND OF THE INVENTION 

This invention relates to methods to diagnose prion diseases or TSE in 
tissue samples and other biological samples (such as body fluids). 

15 Prion diseases or TSE are a group of fatal non-inflammatory neuro- 

degenerative disorders exemplified by BSE in cattle, scrapie in sheep or CJD in 
man. Prion diseases are infectious diseases, supposedly transmitted by a 
conformer of the naturally present prion protein (PrP), though cases may also 
occur spontaneously or fi*om a genetic predisposition. TSE are characterised by a 

20 relatively long incubation period (e.g. >10 years in human), and typically cause 
accumulation of the conformer (the pathogenic or scrapie form of prion protein, 

O Q 

PrP^) in brain and sometimes also in lymphoid tissues. 

The prion protein is an endogenous protein, that also under normal 
conditions is expressed in brain, and in various other tissues. This PrP^ (for 

25 normal or cellular prion protein) and the pathogenic or scrapie form PrPSc are 
different conformations of the same protein. Furthermore PrP^ and PrPSc differ 
in their physico-chemical and biochemical properties: PrP<^ is soluble, exists in a 
non-aggregated form, and is sensitive to degradation by proteases, whereas 
PrPSc is insoluble, exists in an aggregated form, and is relatively resistant to 

30 degradation by proteases. It is hypothesised that a direct protein-protein 

contact between PrPSc and PrP^ is needed to induce a conformational change of 
PrPC into PrPSc. Ultimately PrPSc forms aggregates and accumulates in the 
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brain. At the. final stage of the disease, neurodegenerative changes occur in the 
brain, associated with severe neurological dysfunction, and ultimately death. 

The PrP gene of various animal species has been cloned and sequenced.^ 
The protein is encoded within a single exon, and consists of a long N-terminal 
6 signal sequence followed by approximately 250 amino add (AA) residues. The 
C-terminus contains a sequence of about 22 residues encoding for linker site for 
a glycosyl-phosphatidyUnositol anchor, a property shared with many other 
membrane proteins. Furthermore, the protein contains one disulphide bridge 
and two potential Asparagine-glycosylation sites. The sequence of the protein is 

10 well conserved among various animal species. 

Though differences in the secondary structure of PrPSc and that of PrP^ 
have been identified, the structural basis for the enhanced aggregatibility and 
proteolytic resistance of PrPSc as compared to those of PrPC is still not resolved. 
In addition, the molecular basis for the existence of different strains of PrP^, i.e. 

15 prions with different incubation times, is lacking, though it is assumed that 
these strains likely represent PrPS^ with subtle differences in conformation. 

Crucial for the diagnosis of TSE is the detection of PrP^c in brain, using 
e.g. immuno-histochemistry or. Western blotting. Detection of PrP^^ more 
easily accessible sample, preferably blood, would also add to the diagnosis of 

20 TSE. However there is only very incomplete data available suggesting that PrPSc 

7 8 9 10 

is present in blood and urine. 

For the in vitro diagnostic methods, polyclonal and monoclonal antibodies 

11 12 

are usually applied, ' but most antibodies against prions described in the 
Uterature so far, do not discriminate between PrPC and PrPSc. There are some 
25 papers and patents describing conformer-specific antibodies, but tibey are not 

13 

suitable for regular immuno-diagnostics. 

To overcome the problem of lack of specificity of the antibodies used, 
diagnostic methods mostly are based on differences in physico-chemical and 
biochemical characteristics of PrP^ and PrPSc. A widely used discrimination 

30 method is digestion with an enzyme, such as proteinase K (PK), which will, 

under specific conditions, result in a total digestion of PrP^ while PrPSc remains 
relatively resistant to the protease treatment. Subsequently the remaining PrP^^ 
can be detected with classical immimological methods like Western blot, ELISA 
and similar. Other conformer-discriminating methods are based on differences in 

36 solubility, selective precipitation or state of aggregation. 
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Detection of prion proteins by Western Blot analysis is a laborious and 
time-consuming method and therefore not very useful. Use of an immunoassay, 
such as an ELISA, generally is much more practical, but seems to be unsuitable 
for the specific, sensitive and reliable detection of PrPSc after PK treatment of a 
5 sample. With a sandwich ELISA, a problem is caused by the detergent used in 
the PE digestion. Said detergent may interfere with the binding of prions to the 
antibody-coated microtitre plate. Another problem is caused by the sensitivity of 
the catcher antibody for possible remnant PK activity. A problem with a direct 
ELISA, in which the prion protein is bound directly to a microtitre plate, is that 

10 the PrPSc happens to bind only weakly, especially after treatment with PK. This 
makes quantitative detection of PrP^c virtually impossible. Without enzjnnatic 
treatment with PK, another difficulty is that PrP^ and PrP^^ bind equally strong 
to the microtitre plate. 

DD 236400 and EP 211229 disclose that the direct binding of antibodies 

15 and other proteins to the surface of wells in a microtitre plate can generally be 
improved by appljring a thin nitrocellulose coating onto said surface. They do not 
relate to prion proteins and do not contain any indication that the application of 
a nitrocellulose coating may have a different effect on protejbas with a different 
confonuation. 

20 An object of this invention is to provide a method for detecting pathogenic 

forms of a prion protein in a sample which overcomes the above mentioned 
problems. 

A particular object of the invention is to provide a diagnostic method 
which allows a sensitive and reliable quantification of PrP^^ in a sample. 
25 Another object of the invention is to provide an ELISA-type unmunoassay 

for the quantification of PrP^ in a sample subjected to an enzjrmatic digestion 
with an enzyme such as proteinase K, which allows a strong binding of the PrP^^ 
to the microtitre plate. 

Another object of the invention is to provide an ELISA for quantitatively 
30 measuring pathogenic forms of a prion protein wherein a strong binding of PrPS<^ 
to the surface of the wells in a microtitre plate is achieved while allowing direct 
readout of an enzymatically produced dye iu a microplate reader. 

Another object of the invention is to provide an immimoassay for reliable 
and sensitive quantification of pathogenic forms of a prion protein wherein the 
35 binding of these pathogenic forms to the microtitre plate is enhanced while the 
binding of the natiural or cellular prion protein is reduced. 
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Another object of the invention is to provide an improved method for the 
diagnosis of prion diseases or TSE wherein the risk of false positive results, false 
negative results, or both, is reduced. 

5 SUMIVLARY OP THE INVENTION 

The invention achieves the above mentioned objectives by the use of a 
microtitre plate which has been pretreated in at least some of its wells to favor 
the binding of pathogenic prion protein over cellidar prion protein, by improving 
the binding thereto of pathogenic forms of prion protein, or reducing the binding 

10 thereto of cellular prion protein, or both. This invention uses a microtitre plate 
with an enhanced binding of the pathogenic or scrapie form of prion protein 
(PrP^) as compared to a normal microtitre plate. Further, this microtitre plate 
preferably has a reduced binding of the normal or cellular form of prion protein 
(PrP^) as compared to a normal microtitre plate. This will result in a more 

15 specific but also more sensitive, simpler, and quicker detection system for PrPS« 
as compared to Western Blot analysis. Together with the high throughput of the 
microtitre plate format, an ELISA with a chemically modified transparent 
microtitre plate as disclosed herein faciUtates a more suitable diagnostic tool 
than a Western Blot assay. This invention will be useful for diagnosis of nTtiTnnl 

20. and human prion diseases. 

The chemical modification of the microtitre plate comprises an application 
of a clear nitrocellulose layer on the bottom of weUs of a regular microtitre plate, 
or a clear layer of other, suitable cellulose derivatives, and thereby results in a 
more specific and sensitive, but also simpler, quicker, and higher through-put 

25 detection system for PrPSc as compared to Western Blot analysis. 

Detection of PrPC and PrpSc in various biological materials with several 
antibodies is shown on the chemically modified microtitre plate. The invention 
will be more fuUy understood after a consideration of the following description of 
the invention. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 

Binding characteristics of PrPSc and PrP^ on a niti'oceUulose-coated plate 
(NC-plate) as compared to a standard microtitre plate (Std-plates). Homogenates 
35 (0.1%) of scrapie-infected hamster brain (strain 263K) or normal mouse brain 
were treated with or without proteinase K (PK). Subsequently the samples were 
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incubated on NC- or Std-plates. Bound prion proteins were detected using an 
HRP-labelled anti-prion antibody and visualised with TMB substrate. A detailed 
description of the methodology can be found elsewhere in this patent, 

5 Figure 2 

Analysis of prion proteins in brain samples of cattle (BSE infected and 
uninfected), hamster (263K-infected and iminfected), sheep (scrapie infected and 
uninfected), human (sCJD and vCJD infected and uninfected). Homogenates 
(0.1%) were treated with or without PK. Subsequently the samples were 
10 incubated on a NC-plate. Bound prion proteins were detected using an HRP- 
labelled anti-prion antibody and visualised with TMB substrate. A detailed 
description of the methodology can be foimd elsewhere in this patent. 

Figure 3 

15 Detection of bound prion proteins on NC-plates using various anti-prion 

antibodies. Homogenates (0.1%) of scrapie-infected hamster brain (strain 263K) 
or normal mouse brain were treated with or without PK. Subsequently the 
samples were incubated on a nitrocellulose-coated microtitre plate. Bound prion 
proteins were detected using various anti-prion antibodies (3F4, 6H4, or 1£4) 

20 and visualised by successive incubation with HRP-labeled anti-mouse antibody 
and TMB substrate. A detailed description of the methodology can be found 
elsewhere in this patent. 

DETAILED DESCRIPTION OF THE INVENTION 
25 Many immimoassays, especially those used for quantification in biological 

materials^ exist in the characteristic sandwich format, in which an antibody is 

coated to a polystyrene microtitre well. This so-called catching antibody is able 
to bind a protein specifically. Subsequently the assay is completed by incubation 
of a second protein-specific antibody that contains an enzymatic or fluorescent 
30 label, making quantification of the amount of protein present in the sample 
possible. 

In the case of prion proteins, the majoriiy of prion-specific antibodies 
reacts both with PrPSc and PrP^ and a digestion with PK is necessary for specific 
detection of PrP^c. The digestion with PK of PrPSc containing samples to degrade 
35 PrPC is performed in the presence of a relatively high concentration of detergent 
for optimal digestion. Such concentrations of detergents however can easily 
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interfere with the binding of prions onto antibody-coated microtitre plates. 
Complicated optimisation of reaction conditions of such sandwich assays is 
necessary to reveal conditions for sensitive detection of the residual prion 
protein after PK digestion. Another drawback of the sandwich ELISA in this 
5 methodological approach is the sensitivity of catching antibody for possible 
remnant PK activity after digestion. After digestion of the sample, a protease 
inhibitor (PMSF, for example) is added to block the PK activity, however the 
effectivity of these protease inhibitors is doubtful (non-published internal data). 
Therefore we considered using a method of directly binding prion proteins 

10 to a microtitre plate. The initial observation that led to the present invention is 
the finding that PrP^c present in biological materials like brain homogenates 
weakly binds to normal microtitre plates especially after treatment with PK. 
Therefore quantitative detection of PrPSc direcfly applied to normal microtitre 
plates is virtually impossible. Binding of prion to nylon (e.g. PVDF or Biodyne) 

15 or nitrocellulose membranes either directly ('spotblof ) or by Western Blot 
techniques is possible, but lacks simple quantification of the amoimt of prion 
proteins. Titration methods of various proteins with spotblots making semi- 
quantification possible have been described, however these methods are very 
time-consuming and difficult to automate."'^^ Also paper-punched disks of 

20 cellulose acetate, hydrazinolyzed dacron, or nitrocellulose placed in a normal 
microtitre plate have been tried in research settings, making quantification 
possible in a microtitre plate format. Besides the laborious and cumbersome 
preparation of microtitre plates provided with such disks, direct readout of an 
enzymatically produced dye in a microtitre plate reader is not possible, due to 

25 obstruction of the beam of light by the disks. The produced dye must be 

transferred into an empty microtitre plate to make quantification possible. Also 
so-called ELJSPOT plates i.e. microtitre plates with nylon or nitrocellulose 
bottoms, lack transparancy and have similar problems. Such methods are not 
very practical, especially in high through-put applications, like the sareening for 

30 BSE in brain of slaughtered cattle. 

In this invention, the excellent binding characteristics of nitrocellulose for 
pathogenic prion proteins are combined with the evident advantages of using a 
microtitre plate format. Nitrocellulose dissolved in a suitable solvent (non- 
aggressive towards the plate), such as for example methanol or ethanol, is added 

35 to each well of the microtitre plate and subsequently the solvent is evaporated. 
Under appropriate conditions as specified herein a clear nitrocellulose layer is 
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formed at the bottom of the microtitre plate. After binding of pathogenic prion 
proteins to the nitrocellulose layer, the assay is completed like a normal ELISA. 

The use of a clear nitrocellulose layer to a normal microtitre plate can be 
very suitable in the field of prion research and diagnostics. The application of 
5 this invention to the detection of pathogenic prion proteins in various materials 
derived firom man, catt|e, sheep, and rodent prion models is shown in the 
examples below. 

The present invention provides a method for the detection of a pathogenic 
form of a prion protein in a sample, comprising providiug a container, 

10 pretreating the container to deposit on a surface of the container a coating of a 
cellulose derivative capable of favoring the binding of pathogenic prion protein to 
said container surface over the binding of cellular prion protein, incubating the 
sample in said container to bind any pathogenic prion protein present in the 
sample to said container surface, labelling the thus immobilized pathogenic 

15 prion protein, if present, with an appropriate labelling agent using an anti-prion 
antibody capable of binding to pathogenic prion protein and detecting the 
presence of labelling agent attached to the container surface. 

Preferably, the method is an Ensgone-Linked Immune Sorbent Assay 
(ELISA) method for the detection of a pathogenic form of a prion protein in a 

20 sample, comprising providing a container, pretreating the container to deposit 
on a surface of the container a coating of a cellulose derivative capable of 
favoring the binding of pathogenic prion protein to said container surface over 
the binding of cellular prion protein, incubating the sample in said container to 
bind any pathogenic prion protein present in the sample to said container 

25 surface, labelling the thus iamiobilized pathogenic prion proteia, if present, with 
an appropriate labelling enzjyme using an anti-prion antibody capable of binding 
to pathogenic prion protein, incubating the container with an appropriate 
substrate for the labelling enzyme and detecting conversion of the substrate into 
a coloured, fluorescent or luminescent product. 

30 Therefore, in a preferred embodanent, the method is an enzyme-linked 

immimosbrbent assay (ELISA) using a labelling enzyme as labelling agent, 
wherein the presence of labelling enzyme attached to the container surface is 
detected by incubating the container with an appropriate substrate for the 
labelling enzyme and detecting conversion of the substrate into a coloured, 

36 fluorescent or luminescent product. 
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Preferably, the cellulose derivative used favors the binding of pathogenic 
prion protein over cellular prion protein by enhancing the binding of pathogenic 
prion protein to the container surface, or reducing the binding of cellular prion 
protein to the container surface, or both. Thereby, the risk of false positive or 
5 false negative results is significantly reduced and quantitation improved. As will 
be demonstaited in the examples, a proper pretreatment of the solid phase with 
a cellulose derivative results in a substantial decrease of the binding of cellular 
prion protein. 

It is preferred that the container is transparent. Usually, the container is 
10 a well of a microtitre plate, which may be a conventional or unconventional 
microtitre plate, such as a conventional microtitre plate made of polystyrene or 
polyvinylchloride. 

The coating of a cellulose derivative which is deposited on a surface of the 
container preferably is transparent. If the contamer itself and the coating on a 

15 surface thereof are both transparent, direct readout of the result in for example 
a conventional ELISA reader is possible. 

The cellulose derivative used preferably is iasoluble in water, to prevent 
that it dissolves when subsequently the sample is incubated in the container. An 
appropriate cellulose derivative is a mtrocellulose, but other suitable cellulose 

20 derivatives, such as collodium, acetylcellulose, etc., mAy be used as well. 

. Preferably, the pretreatment comprises incubating the container with a 
solution of an appropriate cellulose derivative in a non-aggressive solvent, such 
as methanol or ethanol, followed by evaporation of the solvent. Aggressive 
solvents, like acetone,* could affect the desired transparancy of the container and 

25 are less suitable for that reason. Methanol is the preferred solvent. Evaporation 
is usually made at room temperature or at somewhat higher temperatures, up to 
about 50 or 60 °C or even up to about 100 °C. Evaporation may also be carried 
out under reduced pressure (in vacuo). 

It has been found that the solution may contain from 0,001 to 20 mg/ml of 

30 the cellulose derivative. Preferably, the concentration of the cellulose derivative 
is at least 0.01 mg/ml. The solution is used in an amount which secures that the 
cellulose derivative is deposited onto the siurface of the container in an amount of 
from 1 to 20,000 ng/mm2 preferably from 8 to 16,000 ng/mm2. When smaller 
amounts are deposited, the improvement in binding of pathogenic prion protein 

35 and the reduction of binding of cellular prion protein are only marginal, and 
when higher amounts are deposited, the transparancy of the coating becomes 
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sub-optimal. Usually, with conventional microtitre plates, 10 to 250 microliter 
solution, preferably 25 to 50 microliter, is filled in each well to be coated. The 
coating will usually have a thickness of firom 100 to 1000 nm, preferably 300 to 
700 nm. 

5 According to the invention, it is very much preferred that the sample is 

pretreated with an enzyme capable of digesting ceUular prion protein. A suitable 
enzyme is proteinase K, but others which effectively degrade any cellular prion 
protein while being much less effective in the degradation of pathogenic prion 
proteins may be used as well. An example of another useful enzyme is pronase. 

10 If performed properly, such enzymatic pretreatment results in a full 

digestion of normal (cellular) prion protein, while the effect on pathogenic prion 
protein is much more restricted. Although the enzymatic treatment will usually 
remove an N-terminal part of the molecule, a large part (having a molecular 
weight of about 27-30 kDa) of pathogenic prion protein remains intact. The 

15 epitopes of various anti-prion antibodies, such as 1E4, 3F4 and 6H4, are all 
contained in this proteinase K resistant part of pathogenic prion protein. 

In this embodiment of the invention, it is highly advantageous that the 
pretreatment of the container with a cellulose derivative favors the binding of 
en2;ymatically pretreated pathogenic prion protein over enzymatical^ pretreated ' 

20 cellular prion protein by enhancing the binding of enzymatically pretreated 
pathogenic prion protein to the container surface, or reducing the binding of 
enzymatically pretreated cellular prion protein to the container surface, or both. 
Thereby, the risk of false positive or false negative results is significantly 
reduced and quantitation improved. As will be demonstrated in the examples, in 

25 the absence of such pretreatment with a cellulose derivative, enzymatically 
pretreated pathogenic prion protein hardly binds to the solid phase. When a 
properly pretreated soKd phase is used, however, enzymatically pretreated 
pathogenic prion protein strongly binds. In a preferred embodiment of the 
invention, the enzymatic digestion is stopped by briefly heating the sample to a 

30 temperature of firom 70 to 100 °C to inactivate the enzyme. Thereafter, the 
sample is treated with detergent at a temperature of firom 70 to 100 ^'C to 
denature the protein in the sample. 

The labelling of any pathogenic prion protein immobilized onto the 
container surface is performed either directly with an en2yme-labelled anti-prion 

35 antibody, or indirectly with a non-labelled anti-prion antibody followed by an 
enzyme-labelled antibody capable of binding to the anti-prion antibody. The 
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person skilled in the art is weE aware of these, and other alternatives. A very- 
practical approach is the indirect method, because the enzyme-labelled antibody 
(such as en2yme4abelled goat-antimouse antibody) is a generally useful reagent 
which can be used in many different assays. 
5 The anti-prion antibody preferably is a monoclonal antibody. Antibodies 

binding to an epitope in the protease K resistant part of pathogenic prion protein 
are preferred. Suitable examples are the monoclonal antibodies 3F4, 6H4 and 
1E4. Use of monoclonal antibody 1E4 (CNCM 1-2906) is specially preferred. 

Any conventional or xmconventional labelling enzyme may be used. To 
10 mention a well known example, a peroxidase, such as Horse Radish Peroxidase 
(HRP), may be used as a labelling enzyme. Other enzymes, such as alkaline 
phosphatase, etc., may be used instead. 

The substrate to be used depends on the labelling enzyme chosen. In the 
case of HRP, it is possible to use 3,3',5,5'-tetramethylbenzidine as a substrate for 
15 the labelling enzjrme. The person skilled in the art knows many alternatives for 
the labelling enzyme and the substrate. 

It is however much preferred that the enzyme and substrate are chosen 
such as to allow easy and preferably quantitative readout of the result, Le. that 
they are chosen such that the substrate conversion results in a coloured material 
20 which is detected by direct readout of the absorbance. 

Although the invention includes methods merely aiming at a qualitative 
detection of a pathogenic form of a prion protein in a sample, it is preferred that 
the quantitative occurrence of a pathogenic form of a prion protein in a sample is 
determined. 

25 In a practical embodiment of the invention, the EUSA includes a parallel 

EUSA without pretreatment of the container as a control of complete en2ymatic 
digestion of cellular prion protein. 

In the method of the invention, the sample will normally be derived from 
brain or lymphoid tissue of a human or animal. Other kinds of samples may be 

30 usefiil as well, in particxdar body fluids such as blood, plasma, cerebrospinal 
fluid, saliva, sputum, seminad fluid, vagmal fluid and urine. Post-mortem 
analysis allows to diagnose the cause of death and/or (with animals) the 
infection status of the animal. Analysis of live individuals may be useful with an 
eye on treatment and/or measures to prevent further infection. 

35 This invention further provides a method for separating pathogenic prion 

protein from a mixture which contains pathogenic prion protein and cellular 
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prion protein comprising contacting the mixture with a surface which 
preferentially binds pathogenic prion protein and separating the non-bound 
material from said surface. 

Herein, it is preferred that the surface is made of, or coated with, a water- 
5 insoluble cellulose derivative, such as nitrocellulose. Said surface may be a 
surface of a microtitre plate well coated with a layer of nitrocellulose. However, 
it may also be a surface of a bead or column filling which is made of, or coated 
with, nitrocellulose. 

Also in this aspect of the invention, it is preferred that the mixture is 
10 pretreated with an enzyme capable of digesting cellular prion protein, such as 
proteinase K ^ain, it is preferred that after the enzymatic digestion first the 
d^estion enzyme is inactivated and then the protein which is present in the 
mixture is denatured. 

The invention will now be illustrated by the following examples, which by 
15 no means intend to restrict the invention. 
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EXAMPLES. 

To demonstrate the effect of a dear nitrocellulose layer on the prion 
binding characteristics of a microtitre plate, we performed a direct ELISA using 
a nitrocellulose-coated microtitre plate (NC-plate) or a standard microtitre plate 
(Std-plate). Somogenates (0.1%) of scrapie-infected hamster brain (strain 263K) 
or normal mouse brain, were treated with or without PK and incubated on the 
NC-plate - nitrocellulose coating was 0.1% - or Std-plate. The bound prion 
proteins were detected using the anti-prion antibody 1E4 labelled with Horse 
Radish Peroxidase (HKP) and subsequently stained with 3,3',5,5'-tetramethyl. 
benzidine (TMB) substrate. 

As shown in Figure 1, the prion protein present in PK-digested scrapie- 
infected hamster brain (PrP^ binds to the NC-plate, but not to the Std-plate. 
Furthermore the prion protein present in undigested normal mouse brain (PrPC) 
binds worse to the NC-plate than to the Std-plate. 

To demonstrate the prion binding characteristics of a NC-plate, we 
performed a direct EUSA using brain samples derived fix)m cattle (BSE infected 
and uninfected), hamster (263K-infected and uninfected), sheep (scrapie infected 
and uninfected), human (sCJD and vCJD infected and uninfected). These 
samples were treated with of without PK and appUed to a NC-plate with a 0.1% 
nitrocellulose coating. The bound prion proteins were detected using the anti- 
prion antibody 1E4 labelled with HRP and subsequently stained with TMB 
substrate. 

The PK-digested samples from TSE-infected animal or patients are found 
strongly positive, whereas the PK-digested samples from uninfected animal and 
human are found negative (Figure 2). AU undigested samples are found positive 
demonstrating the pivotal dependance of the assay on PK digestion for specific 
detection of PrP^. 

To demonstrate the suitabiUty of NC-plates for the detection of prion 
proteins, we performed a direct EUSA using various anti-prion antibodies 
(Figure 3). Homogenates (0.1%) of scrapie-infected hamster brain (strain 263K) 
or normal mouse brain were treated with or without PK Subsequently the 
samples were incubated on a NC-plate. Bound prion proteins were detected 
using various anti-prion antibodies (3F4 [DAKO], 6H4 [Prionics], or 1E4 
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[Sanqviin]) and visualised by successive incubation with HRP-labeled anti-mouse 
antibody and TMB substrate. 

All antibodies tested positive for the PK-digested scrapie-infected hamster 
brain sample (PrPSc). 

METHODS 

Nitrocellulose was dissolved in methanol or ethanol to a finf^l 
concentration of 0.01 or 20 mg/ml. A volume of 40 nl of this mixture was added 
into each well of a 96-well microtitre plate (NUNC maxisorp type F96) and the 
solvent was evaporated by heating the plate in an oven for 30-60 minutes at 
80^0 resulting in a clear nitrocellulose layer remaining at the bottom of the 
microtitre plate. The amount of nitrocellulose appUed corresponds to 8 - 16,000 
ng/mm^. 

Brain samples of various species were homogenized in phosphate buJBfered 
saline - pH 7.4 (PBS) or 0.25 M sucrose solution to a final concentration of 10% 
(w/v). These homogenates were further diluted to a final concentration of 0.1 % 
with a digestion buffer (100 mM Tris/HCl pH 7.5, 0.05% SDS) and incubated for 
30 min at 50 °C with or without PK (final concentration 30 jxg/ml ~ 0.6 U/ml). To 
stop the PK digestion the samples were heated to 96°C for 1 min and then cooled 
to room temperature (RT). After treatment the volume was increased by one- 
third by addition of sample buffer (200 mM TRIS/HCl |pH 8.5], 6% SDS) and the 
mixture was incubated for 10 min at 96°C. 

Subsequently 40 \j1 of treated sample was transferred to the wells of the 
nitrocellulose-coated microtitre plate and incubated for 1 hour at RT, wMle 
shaken. Afber washing with washing buffer (PBS, 0.15% Tween-20), the plate 
was incubated for 1 h at RT with 40 4 of anti-prion antibody diluted in 
incubation buffer (PBS, 0.15 % Tween-20, 0.5 % PEG 4000). Subsequently the 
plate was washed and incubated for 1 h with an HRP-labelled goat-anti-mouse 
antibody. Bound peroxidase was detected by 100 |il/well 3,3',5,5'-tetramethyl- 
benzidine (TMB)/H202 in 100 mM Acetate buffer (pH 5.5). After incubation for 
20 min, the enzyme reaction was stopped by addition of 100 ^1 of 1 M H2SO4 and 
absorbances were read at 450 nm in an Anthos ELISA reader (690 nm was used 
as a reference). 
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